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HIGH-DEJSITY Z-PINCH PULSE-POWER SUPPLY SYSTEM*

W. C. Nunnally, L. A, Jones, and S. Sirger

Los Alamos Scientific Laboratory
Los Alamos, NM 87545

Abstract

The design and operation of the high-density Z-pinch

experimert pulse-power supply is discussed. A

600-kV, 1-MA, 75-nH Marx bank is designed to charge
a 1-0, 90-ns, water-insulated transmission line to
~0.6-1.0 MV.
throug’. 3 small laser-initiated current channel in

The water line is then discharged
1-5 £tm of hydrogen. The components of the mMarx
bank, the trigger system, the water line, and the
gas load as well as the control system that uses
fibar optics and air links for monitor and control

are discussed.

Introduction

The high-density Z-pinch (HDZP) experiment at Los
Alamos Scientific Laboratory has been constructed
to investigate the plasma parameters of a laser-
initiated current channel in a high-~pressure gas.
A 1-GW neodymium glass laser is used to initiate a
conducting channel with a diameter radius on the
order of 100-200 um between two electrodes spaced
from 5 to 10 cn apart as shown in Fig. 1. The
pulse-power supply ideally must produce a rapidly
increasing current and thus magnetic field to pre-
vent expansion of the ohmically heated plasma.
Simple models indicate that plasmas with densities
on the order of 1020 om-3 can be heated to several
kiloelectron volts with this system. A prototype
system was constructed to develop hardware for a
larger experiment.
HDZP systen.

This paper discusses the main

Pulse-Power Supply Design
The theoretical current waveforms, detsrmined from

a very simple model, that are required for main-

¥Work performed under the auspices of the US
Department of Energy.
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Fig. 1. Schematic of HD2ZP system.

taining a constant channel! radius for three filling
pressures are shown in Fig. 2. The gas load has an
In order to
obtain the desired E at channel initiation cf
~0.5-1.0 x 10*3 A/s, the initial voltage e-rose the
load must be ~0.5-1.0 x 106 V.
required from the power supplv is on the order of
1 MA,

induetance on the order of 100 nH.

The maximum current
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Fig. 2. HDZP current waveforms.




Several circuit configurations were evaluated and
simulated using the NET 2 circuit analysis code. A
system consisting of a water-insulated, interme-
diate storage line resonantly charged by a low-
inductence Marx was chosen as the most versatile
system. The basic circuit for the HDZP system is
shown in Fig. 3. The system can be operated with a
wide range of current risetimes and current ampli-
tudes by laser initiating the current channel at
various times during the resonant charge of the
water line. The water line provides the initial
high rate of current rise. The energy remaining in
the Marx capacitance and the energy stored in the
resonant-charging inductance provide gas load cur-

rent at later times.

The HDZP water line was designed such that the im-
pedance could be varied from 0.25 to 1.0 { with a
transit time of 90 ns. The maximum line voltage and
load current are determined by the time of current

charnnel initiation, the Marx charge voltage, and the
water line impedance. The current waveforms pro-

duced by simulation of thc MU.ZP system are alse il-

lustrated in Fig. 2 with dashed lines.

Maryx Bank Design
The HDZP Marx system was designed to have a minimum

inductance, to operate at a nominal 500 kV output

The min-
imum energy store of the Marx is determined by the

voltage and to deliver 1-MA peak current.

maximum desired inductive load energy of about
50 kJ.
current and reduce the Marx inductance, 12, b6-stage
Marx modules, each of which stores 4.3 kJ at 500 kv
and provides u maximum fault current of 83.3 kA,

The individual Marx module circuit
cdiagram is shown in Fig. 4 and pictured in Fig. 5.
Each Marx module stage consists of two parallel

In order to accommodcte the maximum Marx

“ere paralleled.
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Fig. 3. HDZP circuit schematic.
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Fig. 4. HDZP Marx module schematic.

Picture of Marx module.

Fig. 5.

0.1 uF, 100-kV Maxwell series S capacitors and one
Physics International T670 triggered spark gap.

Each capacitor has a maximum rated current of S0 kA,
and the spark gap has & maximum rated current of



100 kA.

voltage reversal to accommodate a Marx output fault

The capacitors were specified with 50%

and resulting 75% voltage reversal at 500-kV output
voltage. The Marx bank inductance at the output
terminals is 75 nH.

between the Marx bank and the water line increases

However, the trinsition section

the total series inductance to about 250 nH.

The Marx trigger system was designed to erect all
the Marx modules in a umall fraction of the minimum
voltage rise on the water iransmission line or
within ~20 ns.

This trigger Marx arrangement is

The trigger circuit chosen is shown
in Fig. 6.
a variation of trigger circuits suggested by Fitch1
and was selected because the trigger pulse of the
Marx module gaps can be controlled in amplitude,
risetime, and arrival time very precisely. In
aduition, each Marx module spark gap can be trig-
gered with a similar trigger pulse without loading
the Marx system. The simultaneous trigger pulses
are generated by shorting 12 coaxial cables
charged to a maximum of 100 kV with a spark gap

that also serves as the trigger Marx stage gap.
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Fig. 6. HDZP trigger system schematic.

In order to minimize the jitter in erection of the
main Marx modules, the trigger pulses provided by
the trigger Marx must have a risetime less than
the desired scatter. The 12 cables that are
shorted by the trigger Marx stage gap have a
characteristic impedance of about 36 Q each or a
paraliel impedance, Zp. of 3 Q. The trigger Marx
gap inductance, LG' must be such that LG/Zp is on
the order of 5 ns. This requires 2 trigger Marx gap
with an inductance of about 15 to 20 nH, which oper-
ates at B5- to 100-kV dc and is easily triggered.
The fina)l design of the trigger Marx gap is shown

in Fig. 7.
to minimize tracking within the gap.

An acrylic sheet insulator is designed
The gap oper-
ates at an SF6 pressure of about 60 psig for a
100-kV charge.
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Fig. 7. Trigger Marx low-inductance spark gap.

The trigger Marx stage capacitors serve to bias the
shorted cable trigger generators at a potential
similar to that of the main Marx and to isolate the
main Marx stage voltage from ground. A 2-stage
trigger Marx that triggers only the firsi 2 stages
of the 12 Marx modules is used because initial tests
The
coaxial trigger cable charge voltage is isolated
from the main gap trigger electrodes by an "inside-
out"” trigatron peaking gap.

indicated additional stages are unnecessary.

The peaking gap shown
in Fig. 8 also reduces the trigger pulse risetime
seer. by the main gap trigger electrode <7 ns with a
jitter spread of <2 ns. The 2-stage trigger Marx
is initiated by an 8-stage ceramic capacitor micro-
Marx generating a 200-kV puise with risetime of
<20 ns and a jitter <2 ns.

in Fig. 9.

The micro-Marx is shown
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Fig. 8. Trigger system peaking gap.

Fig. 9.

Trigger micro-Marx.

Transmission Line Design

The water-insulated transmission line system is
shown in Fig. 10.
line was chosen over a coaxial transmission line for
two reasons.

A parallel-plate transmission

First, the impedance can be easily

varied by changing the number and size of the par-
ollel plates. A large water tank was designed to
hold the transmission line leaving a large amount

of room for line variations. Secondly, the local-

ized nature of the laser-initiated plasma channel
requires storing the pulse energy very close, phys-
ically, to the center line of the pinch channel to
reduce the transition inductance. A disk transmis-
sion line with radial Marx current feed would be the
optimum configuration, but building space limita-

tions prevented using this design.

Gas Load

The desired characteristics of load geometry at the
end of the water transmission line are a minimum
inductance configuration, a uniform electric field
distribution in the pinch region, and visibility and
maximum access for diagnostics.
load is shown in Fig. 11.

The present gas

Control Systen

The control system for the HDZP experiment is com-
pletely isolated using only fiber optic lirks or air
links for control or monitoring system operation.
The major types of links are illustrated in Fig. 12.
The power supply voltages, power supply currents,
and capacitor bank voltages are monitored

using the fiber optic link of Fig. 12a. A voltage
divider or current monitor provides a voltage from
0-10 V to a voltage-to-frequency convertér that
modulates a LED from 10 Hz to 10 kHz. At the other
end of a fiver cptic cable the light pulses are de-
tected and converted back to a voltage/current,
which operates a standard trip wmeter. Those func-
tions that do not require precise time operation are
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Fig. 10. water-insulated transmission line.
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HDZP gas load chamber.

implemented using compressed air, one example of
which is shown in Fig. 12b. The nigh-voltage dump
and safety switches are also actuated using air
links as illustrated in Fig. 12c. The interlock
systems are structured as shown in Fig. 13. Each
location or function requiring an interlock was de-
signed to provide closure of contacts, energizing a
high-intensity lamp. The rerulting light is con-
ducted to the main control panel through a fiber
optic cable where a phototransistor pul.ls in a relay
This
mwethod is very simple and has been extremely roli-
able. It is fail safe in that a malfunction pre-

vents relay closure and inhibits systen operation.

if the high-intensity lamp is energized.

The trigger system also uses fiber optic links from
the time delay system in the screen room to various
systems to be initiated.
is diagrammed in Fig. 14,

The trigger link system
The basic timing system
consists of a multichannel digital time delay unit
that determines the timing sequence of the experi-
ment. The time delay output signals energize in-

Jection laser pulsers, which produce 900-nm light
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Fig. 13. HDZP interlock system.

pulses that are conducted to the verious svstems in
the HDZP experiment through fiber optic cable. The
receiver-pulse generators shown in Fig. 14 produce
electrical pulses at voltages from 5 to 900 V with
10 ns risetimes and various pulse lengths and

The jitter of this type of trigger link
system is less than 21 ns.

shapes,
The system is extremely
insensitive to the large amount of EMI present and
the location of the fiber optic cable in the exper-
iment is thus not ecritical.

System Operation

System operztion is initiated by charging the Marx
bank and charging the trigger Marx such that they
reach the desired voltage simultaneously in about

30 s. The control system monitors bank voltages and
sends a fiber optic trigger pulse into the screen
room after disconnecting the power supplies. The
digital time delay system then energizes the appro-
priate systems in the proper sequence. The main
Marx is erected to pulse charge the water line in
about 200-600 ns, At the desired load vcltage the
glass laser initjates the HDZP current channel and



at the desired time various diagnostic lasers are
initiated. The jitter is erecting the Marx to
charge the transmission line is 10 ns. The water-
insulated transmission line uses self-break water
awitches to "crowbar" the Marx bank and reduce the
Marx capacitor reversal. The system has been tested
to a charge voltage of 100 kV per stage, although
the Marx system was designed to operate at a charge
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Fig. 14. HDZP timing system.

voltage of 85 kV per stage to allow for various
fault modzs. The HDZP pulse-power supply system is

i1lustrated in Fig. 15.
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